In this paper the thermal transpiration of a dissociating gas has been investigated theoretically for two chambers maintained at different tem peratures and communicating with each other through a narrow opening. It has been shown that the condition of thermodynamical equilibrium and the usual transpiration relation for each constituent cannot both be satisfied simultaneously. In § 2 the problem has been treated rigorously from the viewpoint of a steady state. Expressions have been worked out showing how the law of mass action suffers modification in this case. Expressions have also been deduced for the atomic and molecular concentrations in the two chambers and the modified transpiration relation is stated. In § 3 an approximate solution of the problem has been given which is based on the assumption of thermodynamical equilibrium in each chamber. Expressions have been deduced for the absolute magnitude as well as the ratio of the atomic or molecular concentrations in the two chambers in the general case and some limiting cases. Finally, the relative merits and demerits of both the treatments have been clearly set forth.
The phenomenon of thermal transpiration or thermo-molecular pressure for a non-dissociating gas was experimentally investigated by Osborne Reynolds and can be easily explained from the kinetic theory of m atter. It would be interesting to find what would happen if the gas undergoes appreciable dissociation a t the temperatures prevailing in the two chambers. The problem does not appear to have been investigated so far either theo retically or experimentally. I t is, however, of considerable practical im portance, and the author's attention was drawn to it in connexion with his experiments on the dissociation of alkali halides (Srivastava 1938 (Srivastava , 1939 . I t will therefore be discussed theoretically in this paper. §1 The ordinary expression for a non-dissociating gas using Boltzmann's statistics will first be deduced. Let the two chambers be maintained at temperatures T and T' and their respective volumes be V and V'. Suppose, [ 474 ] in the steady state, the molecular concentrations are n and n'. The equality of flux yields * /sj mn V mir or n^T = n'^T'.
where M is the total mass of the gas. From equations (1) and (2) we get M/m .
v+v^T/ry K '
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Thus the quantities n and n' depend upon M, V, V', etc., but their ratio depends only on T and T' as given by equation (1).
Let us see what happens when the gas is assumed to be capable of dis sociation. Consider a gas consisting of molecules of the type X 2. Each chamber will then contain X 2 molecules and X atoms, which be in chemical equilibrium with each other and also in mechanical equi librium with the other chamber. I t can be readily seen th at under these circumstances the concentrations nv n2, n[, n2 (nL referring to the atom, n2 to the molecule) cannot simultaneously satisfy the condition of chemical or thermodynamical equilibrium (i.e. law of reaction isochore), and also the condition th at in the steady state the net flux is zero for each constituent. For if both the conditions were satisfied we should have n\ = K n2, and nt^T = (6) n2yjT = n2SIT'.
From equations (6) and (7) we get nL n'x n2 n2 (8) and from equations (4) and (5) we have
n \n 2 n9 n 2 "'l2 T> from equation (8) from equation (6).
This evidently shows th a t both the conditions for equilibrium can be satisfied only when K varies as Experim entally and theoretically we know th a t K generally varies exponentially w ith T, and hence the con dition K jK ' = <J(T'/T) cannot be satisfied in practice and therefore the equations (4)- (7) cannot all hold.
The question arises: How are the equations modified? Rigorously speak ing, none of the equations (4)- (7) should hold. Equations (6) and (7) m ust be replaced by a single equation representing the equality of flux of mass (atomic as well as molecular) of each component (here only one) in both directions. This gives for the mass of type X the condition since the mass of the molecule is double th a t of the atom . Since equations (6) and (7) representing the equality of flux of each constituent do not now hold, it follows th a t there will be a net flux of th e constituents in one direc tion or the other. From equation (9) it is evident th a t if there is a net flux of one constituent in one direction there will be a n et flux of the other con stituent in the other direction, i.e. for one chamber there will be a continuous loss of one constituent and gain of th e other in the steady state by effusion alone. Strictly speaking, therefore, it is not a case of tru e therm odynam ic equilibrium and the law of reaction isochore will no t be obeyed. I t is merely a case of steady state where the processes of chemical reaction and molecular effusion so balance each other th a t the atomic and molecular concentrations assume fixed values which do not vary w ith time. This m ethod of treatm en t is adopted in § 2.
As shown above, there is a net loss of one constituent, say atom , and gain of the other constituent, say molecule, in one chamber by effusion. This m ust be balanced in the steady state by a shifting of the equilibrium, so th a t there is an excess of atoms formed in the chamber equal to the am ount of net loss by effusion and a deficit of molecules equal to the am ount of n et gain of the latter. For the sake of simplicity we shall assume th a t the excess num ber of molecules entering and atom s escaping by therm al effusion is so small th a t there is only a slight departure from therm odynam ical equi librium, and hence the reaction velocities are given by those prevailing under thermodynamical equilibrium. 'Let y's denote the concentrations for the same temperature and the same total pressure under the condition of thermodynamical equilibrium. Then the v's will be given by the law of reaction isochore and we must have Thermal transpiration of a dissociating gas
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From our assumption th a t the reaction velocities are the same as under thermodynamical equilibrium it follows th at the excess rate of recombina tion of atoms over their rate of formation per unit volume at a given tem perature wdll be proportional to c ri f can write it as Her, where Hi s a constant for any given tempera a measure of the velocities of dissociation and recombination. If T > T ' then, since for higher temperature a greater dissociation is to be expected, it can be readily seen that there will be a net effusion of atoms from T to T' and of molecules in the opposite direction. Hence the net gain of atoms in chamber T' by effusion must be equal to the excess rate of recombination of atoms in chamber T '. Hence or Ho
where 8 is the area of the effusion hole. Similarly we shall get an equation for the excess of molecules in chamber T. We get
LcrV=i [^f^T' -n^-<14>
Van't Hoff's isochore gives r\jv2 = (15)
and (n'1 -o-,)2 = K'(n2 + o-').
Further, the restraint on the system yields the condition
Equations (10), (13), (14), (17), (18), (19) give a complete solution of the problem, as there are six equations to determine the six unknowns cr, cr ,
72-2, Wj,
n2. From equations (13) and (14) 4-I y a t t and V2 ( n '^T -n^T ) =
Hence, with the help of equation (10), we obtain
Substituting in equation (18) for cr'from (22) and assuming c small that <r2 and cr'2 can be neglected in comparison to n\ and n[2, we get from equations (17) and (18) n \-2crn1 = and cm-.
:'("i+z< r)
Substituting for cr from equation (21) we get
Equations (23) and (24) have to be combined with (10) and (19) to solve the four unknowns %, n2, n'x, n2. From equations (23)
Again, from equations (10) and (19) we get, on eliminating nx, the result
Equation (24), with the help of (26), yields a/2 V 2 -1 4 * m
ni2 B n2 -\n2^jT' -(C -\-Dn'i 4--y/T] (K' + 2wj). (27)
This gives a relation between nx and in addition to K ' the various other quantities S, H, V, L, V', etc. The simple mass law relation n'x2 -K'n2 = 0 is thus not obeyed here a relation between nx and n2 can be deduced which will also be very plicated.
Again from equations (19) and (26) we have nx -
Substituting for nx and n2 from equations (28) and (26) in (25) we get
This gives yet another relation between n'x and n2. Equations (27) and (29) can be combined to give n'x and n2 separately and then from equations (28) and (26) nx and n2 can be determined. The problem can thus be completely solved. The relations (27) and (29) are very complicated algebraically. Any actual case, however, can be easily solved by substituting numerical values. To solve equations (27) and (29) 
Substituting this value of n'x in equation (27) we get an equation in n2 only, which can be solved. We have seen above how far the mass action condition is modified. Let us now see how far the transpiration equilibrium conditions are altered. From equation (10) while in the ordinary case without dissociation or association the equi librium condition is yJ(T/T') = n2/n2 or *J(T/T') = To get the actual relation between n2 and n2 we have to substitute in equation (31) the value of nx in terms of n2 from (30) and of nx from a of n2. In a similar way we can obtain the relation connecting and n[. These relations are thus seen to be very complicated, in this case involving all the constants K , K ', S, H, V, L, etc. Hence the relation between p and p' would also involve all these constants and be very complicated. §3
The rigorous solution of the problem given in § 2 involves the reaction velocities at the two temperatures which are generally not known. Hence for practical purposes this method is not of much use. I t is therefore worth while to obtain an approximate solution which may not involve these reaction velocities. For this purpose we can assume th at the two chambers are in local thermodynamic equilibrium, and upon this superpose the condition of net flux of mass of each component being zero.
From the assumption of local thermodynamical equilibrium it follows th at equations (4) and (5) must be assumed to hold. Combining these equations with (10) and (19) we get the four unknowns, nx, n2, n{, n2, and hence the problem is completely solved.
Equation (31), with the help of (4) and (5), yields or M I -2 4 (32)
Equations (32) and (33) 
Evidently the negative sign before the radical cannot hold, for then would become negative. Thus x is given by equation (35) with the positive sign and is seen to depend not only on *J(T/T') as in the ordinary case but also on nv i.e. on M, Vv V2, K , K', etc. Similarly, we can obtain an expression for y = n2jn2 with the help of equation (33). Thus in the general case the results are complicated. We shall now consider some particular cases. For temperatures a t which there is very little dissociation, i.e. K and K ' are extremely small, equations (32) and (33) to a rough approximation. Thus in this case the molecular concentrations are related in the usual way, but the atomic concentration ratio is modified and is given by
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The pressure ratios are given by I t is thus seen that in this case the total pressure as well as the partial pres sure of the molecule roughly obey the usual transpiration relation but the partial pressures of the atom do not.
Another particular case worthy of notice is th a t when there is nearly complete dissociation, i.e. K and K' are very large. For this case we get from equations (32) and (33) the approximate relations
Here the atoms satisfy the usual relation, but the molecular relation is modified. I t now only remains to find the actual values of the quantities nv n[, n2, n'2. After substituting for n2 and n2 from equations (4) a and (19) and eliminating n\ we get
where C\, C2, C3 are given by 
Using any one of the standard methods for solving the quartic, equation (37) gives four values for n[. Knowing n[ in this manner equation (5) gives n'2 and (36) gives nx. Then equation (4) gives n2. Hence all the can be determined and the equilibrium state fully calculated. The condition th at all the n' s are positive and real will be found sufficient to determ uniquely the value of all these quantities out of the several sets of values given by equation (37).
We have so far considered a gas dissociating into two similar atoms. For a molecule dissociating into two dissimilar atoms such as we have the six quantities nx, n2, nX2, nx, n2, to be d more than in the previous case. This can be done because we get two additional equations, one for the flux and another for the total mass of the other component. Again, if the atoms are capable of association to form X 2, Y2 also, we have four more quantities nx^ nx^ n'Y<i which can be determined with the help of the four additional relations expressing the law of reaction isochore for the dissociation of X 2 and Y2 in the two chambers.
We shall now compare the treatm ents adopted in § §2 and 3. From the definition of A and B as given by equations (20) and (21) it is evident th a t for very small opening and large reaction velocity l/A and 1/B will be extremely small and thus the left-hand side of equations (23) and (24) will be much smaller than either of the terms on the right-hand side. In the extreme case of H-> oo or S-> 0 but not actually zero, the vanishingly small and equations (23) and (24) will be practically identical with (4) and (5) though never rigorously so. Equations (4) and (5) are, however, very useful approximations of (23) and (24) for the case when the ratio (effusion rate/reaction velocity) is small. For large values of this ratio the treatm ent of § 3 will be quite erroneous. The results of § 2 are always applicable and approximate to those of § 3 when this ratio tends to zero.
In conclusion it is a pleasure to record my sincere thanks to Professor
